The essential oil obtained by hydrodistillation from the fresh resin of Protium heptaphyllum was analyzed by GC/MS. The main constituents were: α-pinene (10.5%), α-phellandrene (16.7%), limonene (16.9%), and terpinolene (28.5%). The essential oil was tested in vitro for antimicrobial and antioxidant activities. The results showed a moderate antimicrobial, but significant antioxidant activity. These results suggested that this essential oil is beneficial to human health, having the potential to be used for medical purposes and to be utilized as anti-bacterial additives to skin cosmetics.
The resin of Protium heptaphyllum is a potential source of triterpenes and essential oil [1] [2] [3] [4] . Flavonoids, coumarins and coumarinolignoids have been reported from this species [5, 6] . The resinous exudate from the trunk wood is considered an important therapeutic agent, and is used for its antiinflammatory, analgesic, expectorant, cicatrizant, antinoceptive, antineoplastic, wound healing and gastroprotective properties [7, 8] , besides its applications in the varnish industry.
As part of a research program to find biologically active essential oils from Brazilian northwestern plants, the essential oil of the resin of P. heptaphyllum was investigated for its antimicrobial and antioxidant activities. The GC-MS analysis of the essential oil showed the following chemical composition: E-salvene (0.4%), α-thujene (0.7%), α-pinene (10.5%), sabinene (2.9%), β-pinene (2.4%), myrcene (0.3%), δ-2-carene (0.3%), α-phellandrene (16.7%), p-cymene (6.0%), limonene (16.9%), terpinolene (28.5%), trans-sabinene hydrate (0.3%), camphor (0.3%), piperitone (0.2%), isoledene (0.4%), β-bourbonene (0.3%), α-gurjunene 0.3%), β-caryophyllene (1.0%), and germacrene B (0.2%) [4] . Thus, terpinolene 28.5%, α-phellandrene 16.7%, limonene 16.9%, and α-pinene 10.5% were the major constituents.
The antimicrobial activity of the essential oil was tested against several bacteria and fungi. (Table 2) were determined with five of the selected microorganisms and the results suggest that the essential oil was more effective against the fungus, Candida albicans, with a MIC of 1.25 μg/mL and the bacterium, Staphylococcus aureus, with a MIC of 2.5 μg/mL.
The oil was also tested for antioxidant properties using the DPPH (1,1-diphenyl-2-picryl-hydrazil) assay [9] , and Trolox and BHT as positive controls. The results are presented in showed a significant free radical scavenging effect, comparable with standard BHT, at a concentration of 1.0 mg/ml with 83.2% of radical inhibition and 18.6% inhibition at a concentration of 0.25 mg/mL. These results support the use of the resin of P. heptaphyllum in traditional medicines [10, 11] as an anti-inflammatory agent and to improve the healing process of wounds due to a combination of antimicrobial and antioxidant activities.
The essential oil of Anemopsis californica, having α-pinene, sabinene and β-phellandrene as the major constituents, exhibited pronounced antimicrobial activity and α-pinene was reported to be very active against S. aureus [12] . Strong antioxidant and antimicrobial activities of the essential oil from Myristica fragrans, having α-pinene and β-phellandrene as the major constituents, were recently reported [12] [13] [14] . The present results suggest that the antimicrobial and antioxidant activities of the essential oil are due to a number of its components C/min; mass spectra: electron impact 70 eV. Individual components were identified by computer library MS searches, using retention indices as a preselection routine, and visual inspection of the mass spectra from the literature for confirmation [15] .
Antimicrobial assay: Experiments were performed using an established procedure [16] . The agar diffusion technique was used for the determination of the antimicrobial activities of the essential oil using the following microorganisms belonging to the American Type Culture Collection: Staphylococcus Bioactivity of the essential oil of Protium heptaphyllum Natural Product Communications Vol. 1 (2) o C, plates were examined for detection of inhibition and measured in mm. Standard commercial substances were used as positive controls (amphotericin, amikacin and oxacillin). The minimal inhibitory concentration (MIC) values were determined with five of the selected microorganisms by dissolving the essential oil in CHCl 3 and starting with a concentration of 10 μg/mL and diluting it by successive two-fold dilutions of the stock solution. From these results, the MIC of the test material was calculated as the lowest concentration at which no growth of the microorganism had occurred. Experiments were done in triplicate.
Antioxidant activity: The antioxidant activity of the essential oil was assessed on the basis of the radical scavenging effect of the stable DPPH free radical. A 60 μM DPPH solution in ethanol (1 mL) was added to the sample solutions at different concentrations and allowed to react at room temperature. After 30 min, the absorbance values were measured at 517 nm using a spectrophotometer, and converted into the percentage antioxidant activity using a known procedure [10, 11] . Activity of each compound was compared with Trolox and BHT, used as positive controls, by comparing the absorbance with that of the blank (100%), containing only DPPH and solvent.
